Program and Induces Neural Differentiation
(A) qPCR analysis of the mouse brain cortex and the indicated cell lines treated as described in the Extended Experimental Procedures (n=3). The data show that Upf1 expression is repressed during cortical brain development and neural differentiation in vitro.
(B, C) The magnitude of NMD is repressed during neural differentiation. (B) qPCR analysis of known NMD target transcripts in P19 cells differentiated with RA, as described in the Experimental Procedure (n=3). (C) Luciferase expression from P19 cells transfected with either the PTC (+): pCI-Neo-NS39 or the PTC (-): pCI-Neo-WT Renilla luciferase-based NMD reporter vectors and co-transfected with the Firefly luciferase reporter, pCI-Neo-FLY, as a normalization control (Boelz et. al. 2006) (n=3) . Elevation in PTC+ reporter levels is indicative of a decreased magnitude of NMD. It is not known why there is a modest decrease in PTC-reporter levels. See also Experimental Procedures and Figure 1B .
(D, E) Upf1 promotes the expression of stem cell markers. (D) Western blot analysis of P19 cells transfected with a UPF1 expression vector (Ev-Upf1) or the empty vector (Ev-C), as described in the Experimental Procedures. The quantification is the mean of three experiments, normalized against -ACTIN; error bars represent standard deviation (SD). (E) Western blot analysis of P19 cells transfected with siRNAs against Upf1 (siUfp1) or luciferase (siLuc; the negative control). Quantification is the mean of three experiments, normalized against -ACTIN; error bars represent standard deviation (SD).
(F) SMD downregulation does not promote neural maturation. qPCR analysis of mNSCs transfected with an shRNA construct against the essential SMD factor STAU1 (shStau1) (n=3). mNSCs transfected with the empty vector is the negative control; its mRNA levels are set to 1.
(G) qPCR analysis of mNSCs lacking the NMD factor UPF3B reveals these cells have elevated levels of neural maturation markers relative to littermate control mNSCs. The data are from mNSC lines derived from 2 Upf3b +/Y male mice and 2 Upf3b -/y male mice.
(H) Cell-cycle analysis of P19 cells treated and transfected as indicated (n=3) and in Figure 1L . Error bars represent SD.
For all data panels, statistical analysis was done using the paired Student's t-test (asterisks denote statistically significant differences; p < 0.05). Unless otherwise noted, error bars depict standard error mean (SEM). For all qPCR experiments, transcript levels were normalized to the level of L19 RNA. 
UPF1 Destabilizes mRNAs Encoding Anti-Proliferation and Pro-neural Differentiation Factors
(A and B) qPCR analysis of P19 cells incubated with actinomycin D (5 g/ml) for the times shown, 48 hrs after the indicated siRNAs were transfected. Best-fitting mRNA decay kinetics were calculated using linear regression analysis. Transcripts levels were normalized to the level of Gapdh mRNA, which is relatively stable. Error bars depict SEM. Statistical analysis performed as in Figure S1A (n = 3). For all data panels, statistical analysis was done using the paired Student's t-test (asterisks denote statistically significant differences; p < 0.05). Unless otherwise noted, error bars depict SEM. For all qPCR experiments, transcript levels were normalized to the level of L19 RNA. (H) Neurally expressed miRNAs predicted to target NMD factors, based on the following miRNA prediction programs: Microcosm (score >15), TargetScan (Context+ score percentile >50), or MiRanda (mirSVR score <-0.2). (Lewis et al., 2005; Griffiths-Jones et al., 2008; Betel et. al., 2010) For all data panels, statistical analysis was done using the paired Student's t-test (asterisks denote statistically significant differences; p < 0.05). Unless otherwise noted, error bars depict SEM. For all qPCR experiments, transcript levels were normalized to the level of L19 RNA. (B and C) NMD targets are upregulated during neural maturation in both mice and frogs. qPCR analysis of Upf1 mRNA and NMD target mRNA levels in mouse brain and embryonic X. laevis anterior-ectodermal tissue. Mouse mRNA levels were normalized to the level of L19 mRNA. Xenopus mRNAs were normalized to the level of gapdh mRNA.
(D) The expression of miR-128 is upregulated in neuralized isolated ectoderm. Taqman-qPCR analysis of miR-128 levels in st. 19 X. laevis ectoderm tissue isolated from st. 12 embryos developed in vitro from two-cell embryos that were injected with the indicated RNAs, as described in the Experimental Procedures. miR-128 levels were normalized to U6 snRNA. Error bars depict SEM (n = 3).
(E) upf1 MO functions to blocked the translation of Upf1. Western blot analysis of Upf1 level in samples isolated from st. 12 X. laevis whole embryos that were injected with the indicated morpholinos or mRNAs at the cell stage embryos. -Actin is the loading control. obtained from Dr. Hideo Iba (Haraguchi et al., 2009 ). -SMD7-3U (G-1380) was generated by inserting the full-length Smad7 3' UTR (1.5 kb; amplified by PCR from 10T 1 / 2 cell cDNA) into the NotI/XbaI sites at the 3' end of the -Wt CDS vector (G-998) (Singh et al. 2008) . The -SMD7-5U
(G-1379) was generated by inserting the full-length Smad7 5' UTR (1.6 kb; amplified by PCR from 10T 1 / 2 cell cDNA) into the Pme-I site at the 5' end of the -Wt CDS vector. pMIR-xU3 (G- pMIR-h3BU3 (G-1048) was generated by inserting the human UPF3B 3' UTR (amplified by PCR from HeLa cell cDNA) into pMIR-REPORT TM . Site-specific mutagenesis was performed, as previously described (Li and Wilkinson, 1997) , to generate the mutant version of the upf1-UTR reporter vectors: pMIR-xU3m (G-1046). The GFP expression vector, pMaxGFP (G-1195), was obtained from Lonza Inc. The UPF1 and control expression vectors, Ev-UPF1 and Ev-C, are described in Huang et al. (Huang et al., 2012) . The Stau1 and Smad7 shRNA expression vectors were from Applied Biological Materials Inc.
Cell Culture and Transfection
P19 cells were grown in DMEM (Invitrogen), 10% fetal calf serum, and 1X
Penicillin/Streptomycin (Invitrogen) at 37°C with 5% CO2. These cells were transiently transfected using Lipofectamine 2000 (Invitrogen), following the manufacturer's instructions.
Unless otherwise noted, they were differentiated 8 hrs after transfection by culturing on 10 cm 2 Petri dishes (Fisher) in the presence of RA (5x10 -7 M) for 3 days. Primary mNSCs were isolated from E14.5 mouse brains and the isolated neural stem cells were isolated by anti-PSA-NCAM microbeads (Miltenyi Biotec.) and grown as neurospheres on ultra-low adherent plates (Corning) cultured in Neural Basal Medium with 2% B27 without Vitamin A (Life Tech.), and 20 ng/ml EGF (Sigma), 10 ng/ml FGF2 (Peprotech), and 2 g/ml Heparin (Sigma). Differentiation was performed on Poly-L-ornithine-coated culture dishes by withdrawing growth hormones (Bruno et al., 2011; Yuan et al., 2011) .
RNA extraction and quantification
Total cellular RNA was isolated from cells and tissues using Trizol (Invitrogen), as described (Chan et al., 2009; Chan et al., 2007) . qPCR analysis was done in triplicate using iScript TM reverse transcriptase (Bio-Rad) and SYBR-green Real-Time PCR kits (Bio-Rad), as described (Chan et al., 2009; Chan et al., 2007) . For all qPCR experiments in mouse samples, transcript levels were normalized to the level of L19 RNA. For all qPCR experiments in Xenopus samples, transcript levels were normalized to the level of gapdh mRNA. Heat maps were generated using the Mayday program (Battke et al, 2010) with centered correlation. TaqMan-qPCR was performed using the TaqMan microRNA assay (Applied Biosystems). All primers sequences are provided in Table S5 .
Protein Analysis
Western blot analysis was performed on protein lysates resolved on 8% and 10% SDS-PAGE gels and blotted using standard procedures, as described (Chan et al., 2009; Chan et al., 2007) . The membranes were probed with the following primary antibodies: rabbit anti-human UPF1 (from J. Lykke-Andersen; 1:1000 dilution), rabbit anti-mouse SMAD7 (Thermo Inc., PA1-41506; 1:250 dilution), rabbit anti-mouse phospho-SMAD2 (Cell Signaling Inc., Cat: #3108; 1:1000 dilution), rabbit anti-mouse OCT4 E125 (Abgent Inc., Cat: AP2046c; 1:1000 dilution), rabbit anti-mouse NANOG (Abgent Inc., Cat: AP1486a; 1:1000 dilution), and mouse anti--ACTIN (Sigma A5441;
1:5000 dilution). The secondary antibodies used were horseradish peroxidase-conjugated antimouse and anti-rabbit IgG (both from GE Healthcare). Immunoreactivity was assessed using SuperSignal West Pico Chemilumininescent substrate (Thermo Sci.), followed by autoradiography and quantification using the Image J program (Schneider et al., 2012) .
Alternatively, the blots were stained with IRDye-conjugated anti-mouse and anti-rabbit IgG (both from LI-COR Bio.) and analyzed using the Odyssey CLX protein quantification system (LI-COR Bio.). For all western blot experiments, protein levels were normalized against -ACTIN.
Immunofluorescence Analysis
Immunofluorescence analysis of P19 cells was performed on 1-cm glass cover slides coated with poly-D-lysine/Laminin (BD Biosciences) following the Cell Signaling Technologies protocol. The slides were washed thoroughly with Tris-buffered saline (TBS) and mounted with
Vectashield. Microscopic analysis and quantification of co-localized protein intensity was calculated using the Leica Acquisition Software (LAS) Colocalization AF6000.
Cell-Cycle and Cell Count Analyses
For cell count analysis, P19 cells were seeded at 10 5 cells/per well 1 day after transfection. Cell counts were made with Trypan Blue using a hemocytometer. For cell-cycle analysis, P19 cells were trypsinized 40 hrs after transfection, resuspended in 0.5 ml PBS, and fixed by drop-wise addition (while vortexing) of 0.5 ml 100% ice-cold ethanol. After incubation for 20 min on ice, the cells were harvested, washed in PBS, and incubated with 25 mg/ml RNase A in PBS at 37 °C for 30 min to digest the RNA. The cells were stained with 50 mg/ml propidium iodide for 10 min at room temperature and analyzed by flow-cytometry.
